However, the mechanisms governing its spatiotemporal expression patterns are poorly 7
Repression of LAFL genes has also been observed during early embryonic 25 development. For example, FUS3 is ectopically expressed in the endosperm of the PRC 26 mutant medea (mea) (Makarevich et al., 2006) , but the mechanism and function of FUS3 27 repression in this tissue is unknown. LAFL expression is also regulated by post-transcriptional 28 gene silencing; mutants that affect miRNA biogenesis show de-repression of LAFL genes in 29 seedlings and early globular stage embryos (Vashisht and Nodine, 2014) . This suggests that 30 LAFL expression is tightly controlled and subjected to post-transcriptional and epigenetic 31 regulation not only during vegetative growth, but also in specific seed tissues, although the 32 regulation and role of LAFL expression during early embryogenesis is far from being fully 33 BPCs bound to pFUS3 by yeast one-hybrid, but not class II BPC4 ( Figure 3A) . 23
BPCs were shown to bind to (GA/CT) n cis elements in several plant species, with a 24 preference for different numbers of repeats (Berger and Dubreucq, 2012; Simonini and Kater, 25 2014) . When all (GA/CT) n motifs of the pFUS3 were mutated (pFUS3 MUT ), none of the class I 26
BPCs interacted with the FUS3 sequence, confirming binding specificity ( Figure 3B ; 27 Supplemental Figure 2 ). To identify the binding location of BPCs on pFUS3, we generated 28
truncations of approximately 200bp fragments (F1 to F3); the first exon/intron region 29 containing 2 (GA/CT) n repeats (F4) was also tested ( Figure 3C ). In Y1H, BPC1 showed strong 30 binding whereas BPC2/3 weak binding to the 5'UTR (F3) and first exon/intron regions (F4), 31
where (GA/CT) n motifs are enriched ( Figure 3D ). BPC1/2/3/4 did not bind the promoter region 32 further upstream, corresponding to the F1 or F2 truncations, where there is only one (GA) 5 or 33 no (GA/CT) n motif, respectively ( Figure 3D ). To determine if BPC1 also binds to the FUS3 1 locus in vivo during reproductive development, we generated BPC1 overexpression lines and 2 performed ChIP in inflorescences, which show that BPC1 binds to this region ( Figure 3F) . 3
Altogether, this indicates that class I BPCs bind to the 5'UTR and first intron/exon regions 4 of FUS3 in Y1H. Furthermore, BPC1 also binds to FUS3 in vivo during reproductive 5
development. 6 7

Class I BPCs repress FUS3 during vegetative growth 8
In a genome-wide study, BPC1 was found to interact with and recruit the conserved PRC2-9 complex subunit FIERY (FIE; Supplemental Figure 4 ) in vivo and trigger polycomb-mediated 10 gene silencing in imbibed seeds (Xiao et al., 2017) . We first analyzed ChIP-seq data from 11 Xiao et al. (2017) and found that the first exon/intron and 5'UTR of FUS3 was bound by 12 BPC1, but not the ACTIN (ACT2) control, in seedlings ( Figure 3E ). Furthermore, this same 13 region was bound by FIE and associated with H3K27me3, a repressive mark ( Figure 3E ). 14 Lastly, BPC1/2 interact with EMBRYONIC FLOWER2 (EMF2), which belongs to the EMF-15 that FUS3 is misexpressed in bpc1/2. 12
After fertilization, the endosperm of some bpc1/2 mutants appeared very dense and 13 some ovules were not fertilized ( Figure 6H ; Supplemental Figure 8E ). In fertilized seeds, most 14 bpc1/2 also display delayed or arrested embryo development ( Figure 6E ,F,H; Supplemental 15 Figure 8A ,B,F,G). Overall, reproductive defects in higher order bpc mutants result in severe 16 reduction of seed yield ( Figure 6G ). The bpc1/2 fus3-3 triple mutant partially rescue 17 endosperm and embryo development ( Figure 6E,F,H) . Thus, these data strongly suggest that 18
BPCs repress FUS3 during reproductive and seed development. During reproductive development FUS3ΔC-GFP is mislocalized to the integuments at 32 the micropilar region of developing bpc1-1 and bpc1/2 ovules, while after fertilization ectopic 33 pFUS3:GUS activity and FUS3ΔC-GFP localization were detected in bpc1 and and bpc1/2 1 endosperms ( Figure 7B ,C,D). Combined with the above functional analysis, these results 2 show that before fertilization BPCs restrict FUS3 expression to the funiculus and chalazal 3 region of the ovule to promote ovule development, while after fertilization FUS3 is repressed 4
by BPCs in most of the endosperm to coordinate embryo and endosperm growth. 5
To analyze the repressive role of class I BPCs, we also crossed pFUS3:FUS3:GFP 6 translational reporter with bpc1/2 mutant. However, we were only able to isolate bpc1-1 7 pFUS3:FUS3:GFP lines. As shown in Supplemental Figure 8 ovules that were successfully fertilized we noticed that they had an increased number of 29 endosperm nuclei, which correlated with an increase in seed size ( Figure 9A ,B,C,D; 30 Supplemental Figure 9 ). In fertilized ovules, some embryos were delayed or arrested at 31 various stages (globular to early torpedo) of development compared to wild type ( Figure 9E ; 32 Supplemental Figure 9 ). Lastly, bpc1/2 mutants also showed aberrant cell division patterns in 33 the embryo and suspensor, which resulted in defective embryos and were partially rescued by 1 fus3-3 ( Figure 9E ; Supplemental Figure 9 ). Collectively, these data show that repression of 2 FUS3 in the endosperm of developing seeds is required to coordinate endosperm and 3 embryo growth. During ovule development, the funiculus supplies nutrients and signaling molecules from the 18 mother plant to the chalaza, initiates the integuments that grow around the nucellus and 19 protect the developing female gametophyte (Schneitz et al., 1995) . Our data show that during 20 megagametogenesis FUS3 is initially localized to the nucellus epidermis and tissues 21 surrounding the nucellus, including the integuments and chalaza. However, BPC1/2 later 22 repress FUS3 in the integuments of mature ovules, and ectopic FUS3 expression in bpc1/2 23 inhibits integuments and embryo sac development, triggering ovule abortion. These 24 phenotypes are recapitulated in pML1:FUS3 misexpression lines, where the pML1 promoter 25 specifically drives expression of FUS3 in the integuments and endothelium also in mature 26
ovules, but rescued in bpc1/2 fus3-3 mutant, strongly indicating that spatiotemporal restriction 27 of FUS3 localization is required for integuments, embryo sac and ovule development ( Following fertilization, the zygote together with the endosperm and the integuments 31 develop in a coordinated manner to form the embryo and the seed coat of the mature seed. 32 FUS3 was previously shown to localize to developing embryos from globular to cotyledon 33 stages (Gazzarrini et al., 2004). Using the sensitive/stable FUS3dC-GFP reporter, we found 1 that FUS3 localizes also to the funiculus, chalaza and outer seed coat of developing seeds, 2 partially mirroring its expression pattern in ovules. In bpc1/2 mutant or in pML1:FUS3-GFP 3 misexpression lines, ectopic FUS3 localization to the endosperm increases cell proliferation 4 resulting in enlarged endosperm and larger seeds at the expense of embryo development, 5 which is typically delayed or arrested in bpc1/2 and pML1:FUS3-GFP compared to WT. These 6 phenotypes are reminiscent of some FIS-PRC2 mutant alleles of mea (Kiyosue et al., 1999) . 7
Given that FUS3 is derepressed in mea endosperm and that MEA and H3K27me3 repressive 8 marks associate in a repressive region of the FUS3 locus where BPC1 also binds, we 9
propose that BPC1/2 recruit FIS-PRC2 to repress 
MATERIAL AND METHODS 31
Plant material 32
T-DNA insertion lines bpc1-1 (SALK_072966C), bpc2 (SALK_090810), bpc1-1/bpc2 (bpc1/2; 1 CS68700), and bpc1-1/bpc2/bpc3-1 (CS68699), and an EMS mutant bpc3-1 (CS68805) were 2 previously described (Monfared et al., 2011) . T-DNA insertion lines bpc1_salk 3 (SALK_101466C), bpc2_salk (SALK_110830C), bpc3_sail (SAILseq_553_B09.0) were 4 obtained from ABRC. All primers used for genotyping are listed in the Supplemental Table 1 . 
Yeast one-hybrid screening 24
Yeast one-hybrid library screening and one-on-one retests were performed as described by 25 
Confocal microcopy 30
To observe the expression of GFP signal in transgenic Arabidopsis, fresh tissues was 31 dissected and mounted on the slides with 10% glycerol. Visualization was done with a Zeiss 32 LSM510 confocal microscope (488 nm excitation and a 515-535 nm band pass filter). 33 1
GUS staining 2
The pBPC3:GUS line was previously described (Monfared et MUT (1.5kb):GUS lines, ferri/ferrocyanide was not included in the buffer. Cleared 11 tissues were imaged by DIC microscopy using Zeiss Axioplant 2. 12
13
Glutaraldehyde staining 14
To visualize ovule/seed structures, whole pistils/siliques at FS12 or 1-2DAF were fixed in 3% 15 paraformaldehyde in PBS for 15min at room temperature and rinsed twice with PBS. The 16 treated tissues were stained in 5% glutaraldehyde in PBS at 4°C overnight in the dark. 
ChIP assay 29
To generate 35S:BPC1-RFP, the BPC1 coding sequence was first cloned into pDONR221 30
(Life Technologies) and subsequently transferred to pB7RWG2 (Flanders Interuniversity 31
Institute for Biotechnology, Gent, Belgium). Arabidopsis plants were transformed with the 32
35S:BPC1-RFP using the Agrobacterium tumefaciens-mediated floral dip method (Clough 33
and Bent, 1998). Transformant plants were sown on soil and selected by BASTA; the 1 presence of the construct was assessed by genotyping and analysis of RFP expression. 2 Arabidopsis plants were directly sown on soil and kept under short-day conditions for 2 weeks 3 (22°C, 8h light and 16h dark) and then moved to long-day conditions (22°C, 16h light and 8h 4 dark). ChIP assays were performed as described by Gregis et al. (2009) using for BPC1-RFP 5 an anti-RFP V H H coupled to magnetic agarose beads RFP-trap_MA® (Chromotek). Real-time 6 PCR assays were performed to determine the enrichment of the fragments. The detection 7 was performed in triplicate using the iQ SYBR Green Supermix (Bio-Rad) and the Bio-Rad 8 iCycler iQ Optical System (software version 3.0a), with the primers listed in Supplemental 9 Table 1 . ChIP-qPCR experiments and relative enrichments were calculated as reported by 10
Gregis et al. (2009). 11 12
Accession Numbers 13
Sequence data from this article can be found in the Arabidopsis Genome Initiative or 14
GenBank/EMBL databases under the following accession numbers: FUSCA3 (At3g26790), 15 were performed with similar results and one is shown (see also Supplemental Figure 10A ). G, 24
The seed yield of bpc mutants. Error bars represent the SD of three biological replicates (n=5). 25 n.s.: no significant difference. (* p<0.05; ** p<0.01; **** p<0.0001); student t-test was used. H, 26 fus3-3 partially rescues the embryo sac defects of bpc1/2. The image was taken at 1DAP. 
